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One of the important aspects of seamless communication for ubiquitous computing is the
dynamic selection of the best access network for a multimodal device in a heterogeneous
wireless environment. In this paper, we consider available bandwidth as a dynamic parameter
to select the network in heterogeneous environments. A bootstrap approximation based
technique is ﬁrstly utilized to estimate the available bandwidth and compare it with hidden
Markov model based estimation to check its accuracy. It is then used for the selection of the
best suitable network in the heterogeneous environment consisting of 2G and 3G standards
based wireless networks. The proposed algorithm is implemented in temporal and spatial
domains to check its robustness. The numerical results show that the proposed algorithm gives
improved performance in terms of estimation error (less than 15%), overhead (varies from 0.45%
to 72.91%) and reliability (approx. 99%)as compared to the existing algorithm.
& 2016 Chongqing University of Posts and Communications. Production and Hosting by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
The wireless technologies have made a tremendous progress
in the last decade, and provide a ubiquitous computing
and communication environment for diversiﬁed real-world
applications. In order to realize the concept of an ‘Always6.01.001
y of Posts and Communications. P
/creativecommons.org/licenses/b
ahoo.co.in (K. Ahuja),
nna@thapar.edu (R. Khanna).
Chongqing University of PostsBest Connected’ (ABC) network, the next generation wire-
less networks should select the best available network that
fulﬁlls the quality of service requirements of the user.
Available link bandwidth is one of the basic parameters to
support a given service/application and hence ensures the
quality of service required by the user as it moves from one
access network to another.
The existing deployment of wireless technologies contains
both 2G and 3G standards. Network selection in such a
heterogeneous environment is an important research
problem. The 2G standard (GSM-Global System for Mobile
Communication) and 3G standard (HSDPA-High Speed Downlinkroduction and Hosting by Elsevier B.V. This is an open access article
y-nc-nd/4.0/).
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access rates that vary from 9.6 Kbps for 2G to 2 Mbps for 3G
[1]. These rates are generally adequate for services employing a
low to medium bandwidth e.g. voice communications, text
messaging, instant messaging, electronic mail with no or
relatively small attachments etc. Both 2G and 3G are milestones
in mobile technology and represent two different phases. 3G
mobile networks have a new set of communication protocols
due to the rapid increase in data services and development in
hardware and software, providing many new features for mobile
users such as internet, mobile TV, video calls, video conferen-
cing, mobile gaming whereas in case of 2G no such features are
presented [2]. 2G is mostly used for voice transfer whereas 3G
allows data transfer in addition to transmission of voice.
3G is much more secure technology than 2G, with clear
voice and less disturbances. As the commercial companies
compete with each other to increase their market potential,
they retain 2G customers and attract new 3G customers in
such a way that the customers can move seamlessly from one
cell to another cell covered by different networks without
knowing the underlying technology [3]. Service continuity in
heterogeneous wireless access technologies requires preser-
ving continuous services while moving through these technol-
ogies. Appropriate selection of the network in heterogeneous
environment is one of the main keys.
There are a number of bandwidth estimation methods based
on probing techniques in [4–13]. An ideal probing tool was
provided with accurate estimation of available bandwidth prior
to sending data packets [4]. In the PATHON model, there is no
requirement to probe knowledge and management control over
the network to provide an end to end measurement of available
bandwidth. In order to reduce the measurement time, it
considers less trafﬁc [5]. The utilization of the network
connection is measured by using the Tri Packets Method deﬁned
in probing technique [6]. The Packet Pair Probing Technique is
used by wireless networks for bandwidth estimation while
considering the capacity and the cross trafﬁc variation of
wireless links [7]. The Probe Gap Model was designed for both
one hop and multi hop paths, under the case of path persistent
cross trafﬁc. Further by adjusting the input-probing rate, the
Bandwidth Adaptive Method was introduced [8].
An active probing tool deﬁned in [9] is based on the concept
of self-induced congestion, which runs inside a real-time
operating system and applies de-noising techniques to improve
the measurement process. The Path Quick Method has been
designed for rapid end to end available bandwidth estimation. In
this method quick estimation was achieved by using a probing
packet train [10]. Another available bandwidth estimation
scheme was designed in which bandwidth availability was
expressed in terms of a service curve. In this technique,
estimation was based on a sequence of probing packets [11].
A probabilistic methodology has been designed to estimate
available bandwidth under a non-busy assumption, namely the
distribution of the output probe gap [12]. A one-way delay jitter
based scheme has been developed for available bandwidth
estimation that quantiﬁes the captured trafﬁc ratio and identi-
ﬁes the relationship between probing rate and available band-
width [13]. Above discussed techniques introduce additional
trafﬁc to the network, increase overhead, and reduce reliability
and due to these reasons, the estimation process becomes slow.
An Available Bandwidth Measurement Method for Video
Streaming was deﬁned in [14], in which differences of packetsending time and feedback receiving time were considered for
estimation. Available bandwidth under burst arrivals of dis-
crete cross trafﬁc packets was estimated by queuing the
theoretic foundation approach of a single-hop packet-train
[15]. In the Minimal Backlogging Method, the available band-
width of a queuing system was estimated; in this probing
packets were sent to the queuing system by the nominal
backlogging method [16]. Reliable available bandwidth estima-
tion method distinguishes various queuing regions which
resolve the false estimations [17]. The lightweight probing
method estimated available bandwidth using a queuing analy-
sis approach in which investigation on Squared Coefﬁcient of
Variation (SCV) of the inter-departure process was made with a
periodic probing stream [18]. The Queuing Model described the
mechanism for available bandwidth estimation using the out-
put packet-pair dispersions [19].
One-way Delay Model was used to estimate available
bandwidth in which proportional share of link capacity concept
improved the measurement latency and accuracy [20]. The
proposed algorithm in [21] selected the network on the basis of
available bandwidth estimation. It estimated the available link
bandwidth on the basis of average of current sample only.
Analysis revealed that the proposed method effectively choose
the suitable network for multimedia services by negotiating
among available networks (i.e. WiMAX and 3G). Available link
bandwidth was estimated using the Bootstrap Approximation
Method for Network Selection in Heterogeneous Environment of
2G and 3G Networks in [22]. The performance of the proposed
Network Selection Algorithm was estimated in both temporal
and spatial domains in terms of estimation time and ﬁle size
metrics to check its robustness. The proposed algorithm
performed well in terms of accuracy and estimation time.
Although available bandwidth estimation methods have been
proposed by different authors, the network scenarios and
metrics used in the evaluations are limited and their analysis
about the applicability of the tools in real network applications
is inattentive. An additional issue is that these evaluations do
not include the amount of experiments needed to provide
statistically valid conclusions. In this paper, we propose an
algorithm for network selection in a heterogeneous environ-
ment of 2G and 3G based on dynamic parameter (i.e. the
available link bandwidth estimated by the Bootstrap Approx-
imation Method). Bootstrapping allows gathering many alter-
native versions of the single statistic that would ordinarily be
calculated from one sample. So it is able to provide accurate
and more reliable available link bandwidth estimation in
comparison to existing techniques for network selection in
wireless heterogeneous environments.
The rest of the paper is organized in this manner. Section 2
describes the network selection algorithm under considera-
tion. Experimental setup is discussed in Section 3. Also, it
further describes the performance metrics used for network
selection. Numerical results of the performance metrics are
discussed in Section 4. Finally, a brief conclusion is given
in Section 5.Proposed network selection algorithm
A novel network selection scheme is proposed in order to
always select the best connected network in a given hetero-
geneous environment. The ﬂow graph in Fig.1 represents the
17Network selection based on available link bandwidth in multi-access networksbest connected network in heterogeneous environment for
multimedia services. The logic of the network selection is
based on available bandwidth estimation calculated with the
Bootstrap Approximation Method and Received Signal Strength
(RSS) technique. A number of available wireless networks are
possible because the user has a multimode mobile device. We
assume here that the multimode device can access 2G and 3G
networks. The selection of the access network depends upon
the user inclination towards the application currently running.
For multimedia services the foremost requirement is band-
width. Access network selection depends on the network
having more available bandwidth.Fig. 1 Represents the ﬂow chart of the ABE Algorithm for
network selection in a heterogeneous wireless environment.Step 1: Make sure the existence of wireless networks in
the heterogeneous environment and then disengage all
available networks alternatively once. Choose one of the
available networks and quantify its received signal strength.
Wireless network connection performance depends on the
signal strength to some extent. The amount of network
bandwidth available along the connection in each direction
is determined by the wireless signal strength. Power present
in a received radio signal gives a measurement of received
signal strength (RSS). In general, at the time instant t the
received signal rt is expressed as [23]:
rt ¼ atst τþvt ð1Þ
where at is the radio link attenuation, s denotes the
transmitted (pilot) signal waveforms, vt is a noise compo-
nent and τ is the distance-dependent delay.
Step 2: Available BandWidth (ABW) is considered as a
dynamic parameter for network selection in the hetero-
geneous environment. Unused capacity of a wireless link isthe available bandwidth. Since, at any instance, a link is
either idle or transmitting packets at the maximum speed,
the deﬁnition of the available bandwidth ought to look at
the average unused bandwidth over some time interval T.
Ai t;Tð Þ ¼
1
T
Z Tþ t
t
Ci λi tð Þð Þdt ð2Þ
Where Ai (t, T) is the available bandwidth at link i at time t,
λi is its trafﬁc and Ci is the link's capacity. The available
bandwidth along a link is the measurement of minimum
available bandwidth of all traversed links [24].
Available Bandwidth, in general, is non-stationary QoS
information of a wireless network. However, when it is
observed over a short time period, it can be considered as
stationary [25]. In the proposed algorithm, bootstrap
approximation is employed to estimate the available band-
width by calculating the short-term stationary component.
Bootstrap Approximation Method for available
bandwidth estimation
Bootstrap Approximation Method for available bandwidth
estimation: the 2G/3G network's average available band-
width is denoted by θ from a population with distribution
function (F), and then measured 2G/3G available band-
width. It is approximated during the data acquisition
window. The Bootstrap Method draws random samples xi
from an unknown distribution function (F) to form the new
data set based on the original data:
X ¼ ðx1; x2;…; nÞ ð3Þ
An original data set provides a simple estimate of the entire
population known as the discrete empirical distribution (Fe).
Samples of the original data set are obtained from a ﬁle
downloaded from the current connected network. Each x' has
a probability mass of 1/n, which has an equal likelihood of being
chosen when re-sampling from Fe. The bootstrap data set is then
deﬁned to be a random sample of size n drawn with replacement
from Fe. Since we want to estimate the parameter θe by
calculating a statistic from a random sample, correspondingly,
we can calculate the same statistic from the bootstrap data set:
Xn ¼ ðx1n; x2n; x3n;…; xnnÞ ð4Þ
For bootstrap replication of θe, Eq. (5) is considered:
θnb ¼ s ðXnbÞ;b¼ 1; 2; 3; :::; B ð5Þ
Where Xnb is equal to the bth bootstrap data set of B
independent bootstrap data sets. The statistic of interest
(X) is the sample median x̌ and (Xn) is the median of the
bootstrap data set x̌n. Hence, B bootstrap gives an estimate
of the θe distribution, which is the bootstrap estimate of the
2G/3G average available bandwidth distribution, and its
standard deviation is the bootstrap estimate of standard
error for θe given in [26]
SEb θeð Þ ¼
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
1
B1
r XB
b ¼ 1
θnbθn
 
; θn ¼ 1
B
XB
b ¼ 1
θnb ð6Þ
When sampling is done with replacement, then it is
possible that some xi might occur more than once or may
K. Ahuja et al.18not occur at all. This can be mitigated with the smooth
bootstrap technique where bootstrap data sets are con-
structed from a smooth empirical distribution F̂s. The
available bandwidth of the 2G and 3G access interfaces
are computed by using equation (3–6).
Step 3: The estimated available bandwidth is compared
with a Hidden Markov Model (HMM) based estimation to
check the precision. The HMM consists of ﬁve elements i.e.
number of states (N), number of distinct observation
symbols per state (M), state transition probability matrix
(A), observation probabilities (B)and initial state probabil-
ities (П) deﬁned in [27]. Probabilities are denoted as (A, B,
П) to show the complete parameter set of model λ. The set
of samples is taken from the network during time period (T)
as observations are denoted as O. The model is used to
underpin the most likely sequence of states that generated
λ=(A, B, П) for which the P(O/λ) is maximized using the
Viterbi algorithm [28]. From a particular state the most
likely path is selected from all possible paths according to
the above algorithm and the same is applied for each state.
The most likely path that sampling packets are observed
during the sampling time depicts the levels of ABW. As
deﬁned in Eq. 2, the ﬁnal estimation is based on the average
utilization observed during T. A ﬁnal ABW estimation is
calculated as the average state in the sequence multiplied
by the link capacity.
Step 4: Compare available bandwidth of both the inter-
faces b1 (2G) and b2 (3G) calculated with bootstrap
approximation. The network having the highest available
bandwidth is selected as the access network for the real
time multimedia application.
The system under consideration for employing the pro-
posed network selection scheme is described in the follow-
ing section.Experimental setup for implementation of
proposed algorithm
We consider a heterogeneous environment consists of GSM
(2G) and HSDPA (3G) networks as shown in Fig.2. TheFig. 2 Heterogeneous winetworks may be coupled in two ways-loosely coupled and
tightly coupled. In the loosely coupled scenario, two or
more wireless networks are connected through an internet
[29]. In the tightly coupled case, the 2G gateway is
connected directly to the 3G gateway. The 2G network
appears to the router as another internal 3G router and thus
becomes a part of the 3G network. In the present conﬁg-
uration, we consider the loosely-coupled scenario. As the
2G and 3G networks have the comparable ability of support-
ing the service, it is decisive to keep the continuation and
stability of application when both networks are available
simultaneously.
A 2G and 3G network based test bed is developed using
dongles and.net platform as shown in Fig. 3 for practical
implementation of proposed algorithm. It includes base
stations and a multimode mobile client like laptops, cell
phones or PDAs. A hardware and software architecture
module of the dual mode client is shown in Fig. 3.
The proposed algorithm's hardware implementation is
supported by 2G and 3G dongles manufactured by Huwaeii.
These are employed frontier facing with wireless networks.
The software system consists of two modules. One module is
used for monitoring and detecting different wireless net-
works and another module is used for the network access
selection decision while managing multiple wireless con-
nections. Dual mode client hardware and software modules
provide support to automatic roaming across the 2G and 3G
networks. The client can monitor and automatically select
2G or 3G network according to the available bandwidth
estimation. As per the assumption, the 2G interface is
selected ﬁrst for ABW estimation and then the 3G.
Results and discussion
Bootstrap approximation is a potential method for estimat-
ing available link bandwidth in wireless networks for net-
work selection in a wireless heterogeneous environment. To
obtain numerical results, we performed the operation every
second. The bootstrap approximation is calculated with
(sample size)=5 and B (number of bootstrap replications)
=10. The number of bootstrap samples may be increased inreless network model.
19Network selection based on available link bandwidth in multi-access networksaccordance with the computing power available with the
node. By increasing the number of samples, we can reduce
the effects of random sampling errors. It is implemented on
real time application. If n and B are too large then it will
take more time for the approximation and if it is too short
then approximation may be inaccurate.
To check the precision of bootstrap approximation based
available bandwidth estimation, a hidden Markov estimation
model is applied. The number of possible states (N) and
number of distinct observation symbols (M) in the HMM
estimation are set equal to 5. The states represent the
available bandwidth level [(L (Low)=(0, 0.2) to (H (High)=
(0.8, 1)]during time t=1 to time t=T in seconds. The
transitions between states are determined by probabilities
speciﬁed in the transition probability matrix A. The transi-
tion probability matrix is also determining the movements
between available bandwidth levels. Initially the transition
matrix (A0) is generated randomly of size [5,5].
Due to a highly loaded network, it is expected that the
observation symbols have small values. Based on these
observation symbols, probability values are assigned and
ﬁxed in the HMM model in term of B. The size of B is [5, 5]Fig. 3 (a) Software module of the dual mode client. (b
Fig. 4 Comparison of available bandwidth estimated by bootstrap
network in a heterogeneous environment.due to ﬁve states and ﬁve observation symbols. П provides
probabilities for each state to be the ﬁrst in the state
sequence. λ model is computed based on 70 observations.
The λ model is used to determine the most likely sequence
of states. The initial model λ0 output will be the same as the
previous estimation for the next new estimation. The
sequence of states is then averaged and multiplied by the
link capacity to provide a ﬁnal ABW estimation. Fig. 4
represents the comparison of a real ABW, a bootstrap
estimated ABW and a hidden Markov model estimated ABW.
The estimated available bandwidth at different instances
with respective RSS of both interfaces is tabulated in Tab. 1.
It is observed that the network with more available
bandwidth is automatically selected for real time multi-
media services. RSS is measured to see the presence of
various wireless networks in the region and the contempor-
ary status of the network in the heterogeneous environ-
ment. It is also observed that the available bandwidth does
not exactly depending upon RSS. Available bandwidth
estimation mainly depends upon the number of users
accessing the respective network at that particular instance
and not on the value of RSS.) Hardware module of dual mode mobile client [30].
approximation method and Hidden Markov model for 2G and 3G
K. Ahuja et al.20The 2G/3G network is selected for multimedia services as
per user's inclination as shown in Fig. 5.
Performance evaluation of proposed algorithm for
network selection
The following scenarios are considered for the performance
evaluation of the proposed algorithm
Case 1. In this case the proposed algorithm is tested
at different instants and locations. It is observed from
Fig. 6(a) and (b) that the available bandwidth estimated
at different instants and locations differs because at any
time or location the number of users sharing the wireless
network changes which leads to variations in the bandwidth
available to a user. At any instance or location 2G/3G can be
selected depending upon their current status of the ABW. It
is measured in KB.
Case 2. In this case the impact of downloading ﬁle size for
bootstrap approximation to measure ABW is evaluated. The
selection of ﬁle size to be downloaded for estimating theTab. 1 Estimated available bandwidth with received
signal strength in a heterogeneous environment of 2G
and 3G networks.
S.No. 2G (GSM) 3G (HSDPA) Network
selection
RSS
(dBm)
ABE
(KB)
RSS
(dBm)
ABE
(KB)
Selected
network
1 77.0 8.97 76.0 7.34 2G
2 75.0 8.21 74.0 28.20 3G
Fig. 5 User interface of network selection algorithm based on ava
2G and 3G networks.available bandwidth by using bootstrap approximation is a
critical issue. Choice of the size of ﬁle to be downloaded
depends upon the cost and time consumption that the
active user can tolerate. If the selected ﬁle size is too large
then the cost and time consumption increases in spite of
this. If the selected ﬁle size is too small then the accuracy
of the estimation is reduced. From Fig. 6(c) it is clear that if
the ﬁle size is too small such as 9 KB then the estimation of
ABW is not feasible or proper, because in this case fewer
samples are drawn. Due to this the estimation is not correct
and can't be applied for network selection.
However, as the ﬁle size increases it starts working
properly as the number of samples is drawn appropriately
and the available bandwidth estimation is precise as a result
which is applied for network selection. In Fig. 6(d) as the
ﬁle size increases, the estimation time also increases in
both the wireless networks available in heterogeneous
environment. 2G/3G network's ABW estimation time can
change because at any instance the number of users on any
of the wireless networks is random. Any of the networks in a
heterogeneous environment can be busy and due to this the
downloading speed of the ﬁle may slow down and the
estimation time increases in the same proportion.
The performance of the proposed network selection
technique is based on the quality of the bandwidth estima-
tion. The ABW estimation is a challenging issue in wireless
networks as the capacity of wireless links are affected by
link layer mechanisms such as rate adaptation or ARQ. The
available bandwidth or achievable throughput over a given
link is also affected by cross trafﬁc over the link and the
presence of other clients.
In order to check the robustness of the proposed algo-
rithm for network selection in a heterogeneous environment
of 2G and 3G, the efﬁciency of the ABW estimation isilable bandwidth estimation in a heterogeneous environment of
21Network selection based on available link bandwidth in multi-access networksevaluated on the basis of metrics: estimation error, over-
head and reliability.
The estimation error (or relative error) metric is calcu-
lated to measure the accuracy of ABW [31]. The estimation
error is speciﬁed in terms of percentage error. By using
Eq. (7), the proposed algorithm's ABW estimation error is
calculated. It is measured in two phases. In the ﬁrst phase,
available bandwidth is estimated by the proposed algo-
rithm. This is denoted by M1.The induced changes (Γ) in
trafﬁc or ﬁle size whose rate is Γ=0.5M1. Next, we repeat
the process to estimate ABW. This is denoted by M2.The
estimation error is calculated by comparing the available
bandwidth estimation calculated by the proposed algorithm
in Phase1 and Phase2.
Estimation error or relative error %ð Þ ¼ Γ M1M2ð Þ
Γ
ð7Þ
Here, it is assumed that the trafﬁc of the other users does
not change much between the two phases. The correct
change in available bandwidth is Γ. To mitigate the impact
of changing network conditions on results, the two phases
are conducted very close to each other. To check the
consistency, the same experiment is repeated multiple0
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Tab. 2 Comparison of the proposed with existing bandwidth e
S.No. Parameters Proposed technique
1. Estimation error Below 18% in both case 2G and 3G
2. Overhead 6.25% to 72.91% in case of 2G and
3. Estimation time 2.348–88.485 ms in both case 2G an
4. Reliability 99%times over the same link. Estimation error varies usually
below 18% in all networks present in heterogeneous envir-
onments (i.e. 2G, 3G) except in the case where the error is
too high (100%) due to congested links (in peak hours). It is
observed that estimation error is less in the proposed
algorithm in comparison to existing ABW estimation techni-
ques in [32]. This is clearly depicted in Tab. 2.
An overhead metric is deﬁned as the percentage of trafﬁc
(ﬁle to be downloaded) for bandwidth estimation with
respect to the capacity of the link.
Overhead %ð Þ ¼ File Size
Link Capcity
 100 ð8Þ
In the proposed algorithm, the ﬁle size (or trafﬁc) varies
from 9 KB to 105 KB and link capacity is considered for
9.6 kbps and 2 Mbps for the 2G and 3G networks, respec-
tively. Overhead is calculated by using Eq. (8). It varies
between 6.25% to 72.91% in the case of 2G and 0.45% to
5.25% in the case of the 3G network in a heterogeneous
environment. As shown in Table 2 in comparison to existing
techniques [32], there is signiﬁcantly less overhead in the
proposed algorithm's ABW estimation. The third evaluation
metric is the estimation time. This is the time taken by the0
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stimation techniques.
Existing techniques in [32]
Below 20%
0.45% to 5.25% in case of 3G 30% or more
d 3G 100 s
0–100%
K. Ahuja et al.22proposed algorithm to make the estimate. It is usually
measured in seconds. It varies from 2.348–88.485 ms in
the proposed algorithm by varying the ﬁle size (or trafﬁc)
from 9 KB to 105 KB. In the case of the proposed algorithm,
it is in the range of milliseconds whereas in the existing tool
described in [32], it is in seconds. The signiﬁcant change in
estimation time is represented in Table 2.
Another metric is added for evaluation is the reliability,
which provides information about the robustness of the
algorithm. The reliability is measured in terms of percen-
tage. It is calculated by dividing the number of repetitions
for a particular experiment by the ﬁnal number of trials
needed to perform to reach that number. A 100% reliable
algorithm requires N trials to provide N1 estimations.
Reliability %ð Þ ¼ Number of estimations
Number of trials
 100 ð9Þ
Reliability is measured by N=100 (number of trails) and
N1=99 (number of estimations) by using Eq. (9). The
proposed algorithm is 99% reliable and robust algorithm in
comparison of existing ABW techniques discussed in [32].
Their comparison is shown in Table 2. If the ﬁle to be
downloaded doesn't exist or the remote server doesn't
respond, then the ABW estimation will be 1% unreliable.
It surfaces from the above analysis that the proposed
algorithm's ABW estimation is more efﬁcient in comparison
to that reported in [32] on the basis of relative accuracy
(estimation error), overhead, estimation time and reliabil-
ity. It further validates the feasibility of the proposed
algorithm for network selection in a heterogeneous envir-
onment of 2G and 3G.The results of the proposed algorithm
show that the estimation time is shorter than the ﬁndings
reported in [33], which further justiﬁes its validity.
Conclusion
This paper proposes a novel network selection algorithm to
be used in heterogeneous environments consisting of 2G and
3G access networks. It is based on the estimation of
Available Link Bandwidth (ALB) by using the bootstrap
approximation method. The precision of the estimated
ALB is veriﬁed by hidden Markov models. Bootstrap approx-
imation allows gathering many alternative versions of the
single statistics to increase accuracy and reliability of the
estimation.
The performance of the proposed network selection
algorithm is evaluated in both temporal and spatial
domains, in which the estimation time and ﬁle size metrics
are checked for its robustness. It is clear that the proposed
algorithm has small estimation error (less than 15%), low
overhead (varies from 0.45% to 72.91%) and high reliability
(approx. 99%) with respect to existing techniques. It
resolves connection selection issues without user interven-
tion while monitoring the internet connection in real time.
The algorithm presented in this paper has potential to work
in realistic environments with multi access networks.
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